Aims To estimate cannabis use disorder (CUD) trajectory classes from ages 14 to 30 years and compare classes on clinical characteristics, risk factors and psychosocial outcomes. Design Four waves (T1-T4) of data from an epidemiological study of psychopathology among a regionally representative sample. Trajectory classes described risk for CUD as a function of age. The number of classes was determined by model fit. Setting Participants were selected randomly from nine high schools in western Oregon, USA. Participants The sample included 816 participants [age at T1 mean = 16.6, standard deviation (SD) = 1.2; 44% male; 8% non-white]. Measurements Participants completed diagnostic interviews, Child Trauma Questionnaire, Social Adjustment Scale and items adapted from the Wisconsin Manual for Assessing Psychotic-Like Experiences. Findings There were three CUD trajectory classes (Lo-Mendell-Rubin likelihood ratio test < 0.001): (1) persistent increasing risk; (2) maturing out, with increasing risk then decreasing risk; and (3) between the persistent increasing and the maturing-out classes. Conclusions Evidence suggests three distinguishable types of trajectory for development of cannabis use disorder starting in early teens: (1) persistent increasing risk; (2) maturing out, with increasing risk then decreasing risk; and (3) stable low risk.
INTRODUCTION
Recent national surveys conducted in the United States reported life-time cannabis use prevalence rates of 16% by the 8th grade and 58% for young adults aged 19-28 years [1, 2] . Additionally, prospective research from Australasia, Europe and the United States has indicated that 10-21% of adolescents are at risk for developing a cannabis abuse or dependence disorder [collectively, cannabis use disorder (CUD)] by early adulthood [3] [4] [5] [6] . Despite high rates of cannabis use in the United States and high rates of CUD internationally, little is known currently about CUD trajectory patterns from adolescence to early adulthood or their correlates. These knowledge gaps are becoming increasingly important to fill, given that 25 states and the District of Columbia (DC) have recently enacted laws that allow the use of cannabis for medicinal purposes, and four US states and DC have legalized the use of cannabis for recreational purposes, thus potentially increasing the likelihood that problematic cannabis use in the United States will become more prevalent in the years ahead.
Rates of illicit substance use in the United States generally increase during adolescence and decline during early adulthood [7, 8] . Although the identification of population-average trajectories is important, evidence suggests that trajectories of problematic substance use are systematically heterogeneous within populations, whereby more homogeneous subgroups are defined by specific patterns in the timing, magnitude and duration of risk. Commonly identified subgroups include a low incidence or non-using class, a chronically or persistently high incidence class, a class characterized by high use that declines over time, and a class characterized by low use that increases over time [9] . Relative to the extensive research on longitudinal trajectory patterns of alcohol use, abuse and dependence, limited cannabis-specific research indicates that individuals who use cannabis also cannot be regarded as a single, homogeneous group [10] [11] [12] [13] [14] [15] [16] [17] .
One reason to study CUD trajectories is to gain knowledge of the profiles of individuals within specific trajectory classes with respect to risk factors and outcomes. Prior cannabis use trajectory research based on pattern mixture modeling techniques (e.g. latent class analysis, growth mixture modeling) has identified distinguishing adolescent risk factors such as stressful life events, conduct problems and psychiatric disorders [12, 14, 16] . Variable outcomes associated with cannabis use trajectories include lower educational attainment, occupational impairment, marital problems, poor social adjustment and psychiatric comorbidity [11, 12, 14] . Additional risk factors and outcomes associated with cannabis use and abuse include male sex [18] , parental divorce [19] [20] [21] , maltreatment during childhood [22] , engagement in risky behavior [23] and psychotic-like experiences [24] . The extent to which these variables are associated with distinct CUD trajectory patterns, however, remains unclear.
THE CURRENT STUDY
The evaluation of CUD trajectory patterns and their correlates has not, to our knowledge, been published previously. Addressing these gaps will increase knowledge regarding the etiology, course and outcomes of CUD. Data for this study were drawn from the Oregon Adolescent Depression Project (OADP) [25] , a prospective investigation of the psychosocial functioning of a community-based sample between adolescence and early adulthood. We address current gaps in scientific knowledge by examining the following questions:
• Is there significant heterogeneity in CUD trajectories from childhood through early adulthood and, if so, how many distinct trajectory classes emerge? • Do CUD clinical characteristics discriminate between trajectory classes (i.e. age of initial onset, number of episodes, cumulative duration across episodes and cannabis dependence versus abuse)? • Do risk factors assessed during adolescence predict CUD trajectory classes? • Are CUD trajectory classes associated with differences in psychosocial functioning in early adulthood?
METHODS

Sample
OADP was a four-panel epidemiological study (T1-T4) of high school students selected randomly from nine high schools in western Oregon, USA. An institutional review board granted approval prior to data collection and participants completed informed consent. The current study represents a secondary analysis project and, therefore, no a priori sample-size planning was conducted. The T1 sample included 1709 adolescents [mean age = 16.6, standard deviation (SD) = 1.2] recruited between 1987 and 1989. Demographic characteristics of the T1 sample were representative of the geographical region [25] . One year following T1, 1507 participants (88% of the T1 sample) participated in T2 (mean age = 17.7, SD = 1.2). Approximately 7 years following T2, a stratified sampling procedure was implemented whereby eligible T3 participants included all ethnic and racial minorities, all individuals with a positive history of a psychiatric diagnosis by T2 (n = 644) and a randomly selected subset of participants with no history of mental disorder by T2 (n = 457 of 863 individuals). Of the 1101 participants recruited for T3, 941 (85%) completed the assessment (mean age = 24.6, SD = 0.6). Approximately 6 years after T3 (mean age = 30.5, SD = 0.7), 816 of the 941 T3 participants (87%) participated in the T4 assessment. Participant attrition at different points in time was associated with male sex, childhood disruptive behavior disorders and substance use disorders [3, 25, 26] . The T4 panel (n = 816) constitutes the analytical sample, 19% of whom developed CUD by age 30 [3] . Table 1 presents sample demographic characteristics.
Measures
Diagnostic assessments
From T1 to T3 psychiatric disorders were assessed with the Present Episode and Epidemiologic versions of the Schedule for Affective Disorders and Schizophrenia for School-Age Children [27, 28] . At T4, the Structured Clinical Interview for Axis I DSM-IV Disorders-non-patient edition [29] was used. These interviews were supplemented with the Longitudinal Interval Follow-Up Evaluation [30] to assess disorders since the previous assessment. Symptom reports were evaluated in accordance with DSM-III-R at T1 and T2 and DSM-IV at T3 and T4. Inter-rater reliability was good to excellent across diagnostic categories and study waves [31] [32] [33] . Two-year period prevalence indicators for psychiatric disorders were calculated using age of onset and duration data for each episode. Trajectory analyses modeled the presence versus absence of CUD in 2-year intervals from age 14 to 30 (e.g. 14-15.9, 16-17.9). For risk factor and outcome analyses, internalizing and externalizing disorders were coded as present or absent prior to age 14 and between ages 24 and 30, respectively. The internalizing disorder domain included the following disorders: major depressive, dysthymia, bipolar I, bipolar II, cyclothymia, separation anxiety, simple/specific phobia, generalized anxiety, obsessive-compulsive, panic, agoraphobia without panic, post-traumatic stress and social phobia. The externalizing disorder domain included the following disorders: attention deficit/hyperactivity, oppositional defiant, conduct, alcohol abuse or dependence and hard drug abuse or dependence (including cocaine, amphetamines, hallucinogens, inhalants, opioids and sedatives).
Childhood maltreatment
Childhood maltreatment was assessed retrospectively at T3 with 12 items from the Assessing Environment II [34] (alpha = 0.71) and five items from the Childhood Trauma Questionnaire [35] (alpha = 0.96). A composite measure of childhood maltreatment was computed as the mean across Z-score transformations of physical abuse and sexual abuse scale scores. Higher scores indicated greater levels of abuse.
Social adjustment
Fifty-four items from the Social Adjustment Scale [36] (alpha = 0.70) were used to assess social adjustment during the 2 weeks preceding the T4 interview. Higher scores indicated poorer adjustment.
Psychotic experiences
Thirteen items adapted from the Wisconsin Manual for Assessing Psychotic-Like Experiences [37] (alpha = 0.74) were used to assess whether participants experienced thought transmission, passivity experiences, thought withdrawal, auditory experiences, personally relevant aberrant beliefs, visual experiences or deviant olfactory experiences during the year prior to the T4 assessment. Higher scores indicated more frequent psychotic experiences.
Risky sexual behavior
A composite measure of high-risk sexual behavior was computed as the mean across Z-score transformations of the number of concurrent partners in the past year and total number of partners in the past year. A higher score indicates more risky sexual behavior.
Statistical analyses
We identified CUD trajectory classes using a series of unconditional latent class growth models (LCGMs) with binary outcomes and linear and quadratic slopes. The optimal number of latent classes was guided by interpretability, the statistical significance of the Lo-Mendell-Rubin adjusted likelihood ratio test [38] and Akaike's information criterion (AIC) [39] . To estimate within class variability in trajectories of CUD we modeled risk for CUD over time within each latent class obtained in the final LCGM using multi-level longitudinal analyses [40] , with age-based intervals nested within individuals.
Risk factors and outcomes were evaluated independently with multinomial logistic regression and Wald tests, respectively, using a three-step approach recommended by Asparouhov & Muthén [41] . Three-step approaches account for error in latent class membership when estimating associations between a covariate and the latent class variable and do not affect latent class formation as defined by the solution of the unconditional mixture model [42] . Cohen's d effect sizes [43] and odds ratios (ORs) were computed to characterize magnitudes of associations.
Statistical estimation methods
LCGMs were conducted using Mplus version 7.11 [44] and model parameters were estimated using full information maximum likelihood with robust standard errors. Multiple random starting values were used and solutions were considered non-convergent if random starts did not result in consistent log-likelihood values. Multi-level analyses were completed using Hierarchical Linear and Nonlinear Modeling (HLM) version 7.0 [45] with the penalized quasilikelihood estimator, logit link function for binary outcomes and random intercept and slope parameters. Cases were weighted as a function of sampling procedure implemented at T3 and all reported findings are based on weighted data.
Multiple imputation (MI) was used to impute missing values on risk factors (0-12% missing). The MI procedure generated 10 complete data sets and pooled estimates are reported in the results. Single imputation was used to impute missing values on the psychosocial outcomes (5-8% missing) because MI procedures were not supported by the three-step procedure for distal outcomes when sampling weights are applied in Mplus. All self-report measures were included as auxiliary variables in the imputation processes. Table 2 summarizes the model selection criteria used to determine the optimal number of classes. The smallest AIC value was obtained with the four-class solution. However, the Lo-Mendell-Rubin adjusted likelihood ratio test indicated that the increase in goodness-of-fit from the three-class to the four-class solution was not statistically significant, whereas the increase in goodness-of-fit from the two-class to the three-class solution was statistically significant. We chose the three-class solution as the final model based on interpretability and the results of the LoMendell-Rubin adjusted likelihood ratio tests. As illustrated in Fig. 1 , three trajectory classes were distinguished: a persistent increasing risk class (class 1), a maturing-out class (class 2) and a stable low-risk class (class 3). Figure 2 illustrates within class variability in CUD trajectories. The persistent increasing trajectory class demonstrated significant variability in the intercept (P = 0.049) but not in the linear or quadratic slopes (P = 0.069 and 0.149, respectively). The maturing out trajectory class demonstrated significant variability in the intercept (P < 0.001), linear slope (P < 0.001) and quadratic slope (P = 0.034). None of the growth parameters demonstrated significant variability (P > 0.0500) in the stable low class.
RESULTS
CUD trajectory classes
Clinical characteristics
A discriminant function analysis was conducted to test whether clinical characteristics of CUD discriminated between the persistent increasing and maturing out trajectory classes (Table 3) . Predictors included age of initial CUD onset, total number of CUD episodes, cumulative duration across CUD episodes and the presence versus absence of a cannabis dependence disorder. Class membership was related significantly to the weighted multivariate pared to the maturing-out class, the persistent increasing class had a greater average age of initial CUD onset (P < 0.001), more discrete CUD episodes (P = 0.030) and greater average cumulative duration across CUD episodes (P < 0.001). Table 4 summarizes results of multinomial logistic regression analyses that evaluated putative risk factors. Male sex was related to higher odds of persistent increasing class membership compared to the maturing-out class (P = 0.018) and the stable low class (P = 0.001). Growing up in a dual-parent household was related to lower odds of maturing-out class membership compared to the stable low class (P = 0.001). The occurrence of externalizing psychiatric disorders prior to age 14 was associated with higher odds of persistent increasing class membership when compared to the stable low class (P = 0.009). Childhood maltreatment was related to higher odds of persistent increasing class membership (P < 0.001) and maturingout class membership (P < 0.001) compared to the stable low class. 
Risk factors
Psychosocial outcomes
DISCUSSION
The purpose of this study was to identify CUD trajectory classes to age 30 and compare classes on clinical characteristics of CUD, risk factors and psychosocial outcomes. Three trajectory classes emerged: (1) a class with persistent increasing risk over time; (2) a maturing-out class, marked by increasing risk to approximately age 20 and a declining risk thereafter; and (3) a generally non-abusing and nondependent class marked by stable low risk over time. In her seminal review of longitudinal research on antisocial behavior, Moffitt [46] described similar subgroups of individuals characterized by life-course persistent and adolescent-limited antisocial behavior patterns, and the current findings are generally consistent with her observations. Compared to individuals in the maturing-out class, the persistent increasing class demonstrated later initial CUD onsets. This finding is consistent with those reported by Kandel & Chen [16] wherein persistent and heavy users were not necessarily the earliest to initiate cannabis use and the early initiation group was less likely to persist with cannabis use into adulthood. This finding is also consistent with others suggesting that risk factors for substance use during adolescence may not be associated with continued use into adulthood [47] . Indeed, growing up in a singleparent household was a risk factor for belonging to the maturing-out class but not the persistent increasing risk class. OR = odds ratio; 95% CI = 95% confidence interval. Separate models were conducted for each risk factor. Class 1 = persistent increasing risk over time; class 2 = maturing out; class 3 = stable low risk over time. The second class of each contrast is the reference category. *P < 0.5; **P < 0.01; ***P < 0.001. Table 5 Wald tests of equality of cannabis use disorder trajectory class means or proportions on adult psychosocial outcomes. Maltreatment during childhood and childhood externalizing psychiatric disorders generally differentiated trajectory classes characterized by a history of CUD, but were not distinguished between the persistent increasing class and the maturing-out class. These findings are generally consistent with other epidemiological research on factors that predict cannabis initiation and CUD [18] [19] [20] [21] [22] 48] . Interestingly, the maturing-out class completed the fewest years of education and reported the greatest amount of unemployment compared to the persistent increasing and stable low classes. These findings might be related to an additional study finding in which the average age of initial CUD onset coincided with high school years for the maturing-out class, while the persistent increasing class typically did not meet criteria for CUD until well after high school. Future research on the temporal associations between CUD onset and educational and occupational attainment might clarify these findings further.
Self-reported psychotic experiences were greater in the persistent increasing class, while the maturing-out and stable low-risk classes reported similar levels of psychotic experiences. Studies often report positive associations between cannabis use and psychotic symptoms, but the extent to which psychotic symptoms persist beyond transient cannabis intoxication is less clear [49] . The current results suggest that psychotic experiences may be a timelimited consequence of problematic cannabis use. A study limitation, however, was our inability to control for baseline psychotic experiences in the evaluation of these associations.
Implications
The current findings concerning CUD trajectories from mid-adolescence to early adulthood parallel those reported in the broader field of antisocial behavior [46] , a domain of psychopathology associated highly with substance abuse. Although few risk factors evaluated in this study were different between the persistent increasing and maturing out trajectory classes, future research with additional timeindependent and time-varying risk factors is warranted.
The identification of trajectory classes and their associated risk factors and outcomes can inform the development of comprehensive models of CUD etiology and course and, in turn, aid the development of trajectory-specific intervention approaches [50] . Findings from the current study suggest that altering the trajectories of CUD, especially persistent increasing trajectories, may be beneficial for reducing risk for psychotic-like symptoms and externalizing disorders during early adulthood. Nevertheless, the maturing out trajectory class was not exempt from disadvantages and psychosocial impairments during early adulthood despite the decreased risk for CUD. Optimal windows for prevention or intervention efforts may, therefore, be during late childhood or early adolescence.
Limitations
Study limitations included design features and restrictions in statistical modeling. The sampling procedure first involved recruiting all high schools within a 100-mile radius of project headquarters. Nine of 10 recruited schools participated in the study. Students within schools were then sampled randomly. High school membership data were not available in the data set and, therefore, potential clustering effects could not be modeled. Additional unmeasured or unavailable variables included age of cannabis initiation, frequency of cannabis use and CUD symptomatology across episodes. This prevented the examination of heterogeneity in cannabis use profiles within trajectory classes and potentially confounded the associations between trajectory class membership and covariates. The stable low-risk class, for example, is probably comprised of individuals who have never used cannabis as well as those who have used cannabis but did not meet DSM criteria for CUD. The extent to which differences in risk factors and outcomes between the stable low-risk class and other classes are associated with cannabis use in general or with the trajectory of CUD specifically remains unclear. Study attrition was related to male sex, childhood disruptive behavior disorders and substance use disorders [3, 25, 26] . It is unknown how attrition and resultant biases operated in the current analyses. Participants were relatively uniform with respect to race and geographic location. Consequently, the generalizability of the current findings to more diverse groups of individuals or locations is unclear. Data collection occurred prior to the passage of Oregon's legislation to approve recreational cannabis use and overlapped with the passage of Oregon's medical marijuana legislation by approximately 2 years. Consequently, these initiatives probably had little to no influence on the results. The timing of the assessments may have introduced retrospective recall biases into the measurement of CUD onsets and offsets for episodes that occurred further in time from the diagnostic interviews.
1 Finally, the extent to which risk factors interact to predict trajectory membership was not evaluated and warrants investigation in future studies. 1 We compared CUD point-prevalence estimates at age 24 across participants who were assessed at T3 between ages 24.6 and 25.0 (n = 135) and those who were assessed at T3 after age 25.0 (n = 147). These parameters were chosen for comparison given that (a) the mean age of study participants at the time of the T3 interview was 24.6 and (b) the peak risk for CUD in this sample was between ages 18 and 25 [3] . Point prevalence rates for CUD at age 24 were not significantly different between participants interviewed between ages 24.6 and 25.0 and those interviewed after age 25.0 (5 versus 8%; χ 2 (1) = 1.01, P = 0.316). It is therefore unlikely that the timing of assessment waves influenced the trajectory classes.
CONCLUSION
Three CUD trajectory classes emerged: a class with persistent increasing risk over time; a maturing-out class, marked by increasing risk to age 20 and a declining risk thereafter; and a generally non-abusing and nondependent class with stable low risk over time. Compared to individuals in the maturing-out class, the persistent increasing class demonstrated later initial CUD onsets and similar rates of cannabis dependence versus abuse. Results partially supported distinctions between persistent increasing and maturing out CUD trajectories with several psychosocial functioning differences between classes evident in adulthood. Future research based on more diverse samples is warranted, as are well-controlled tests of associations between risk factors, trajectory class membership and psychosocial outcomes.
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